We show that there is a family of two-dimensional (0, 2) SCFTs associated with twisted compactifications of the four-dimensional N = 1 Leigh-Strassler fixed point on a closed hyperbolic Riemann surface. We calculate the central charges for this class of theories using anomalies and c-extremization. In a suitable truncation of the five-dimensional maximal supergravity, we construct supersymmetric AdS 3 solutions that are holographic duals of those two-dimensional (0, 2) SCFTs. We also exhibit supersymmetric domain wall solutions that are holographically dual to the RG flows between the four-dimensional and two-dimensional theories.
Introduction
It has become clear in recent years that one can engineer large classes of three-and fourdimensional superconformal field theories (SCFTs) by studying twisted compactifications of the six-dimensional (2, 0) theory on three-manifolds and Riemann surfaces [1, 2] . The higherdimensional theory on the one side, and the geometry of the internal manifold on the other, allow one to uncover dualities in the lower-dimensional SCFTs. In addition, one is led to various relations between correlations functions in the SCFTs and a topological field theory on the compactification manifold.
In view of this rich structure, it is natural to extend these ideas to two-dimensional SCFTs. One possible approach is to study twisted compactifications of the six-dimensional (2, 0) theory on four-manifolds preserving at least (0, 2) supersymmetry in the two remaining directions. This has been attempted in [3] [4] [5] but, due to the small amount of supersymmetry, the complicated geometry of four-manifolds, and the limited understanding of the (2, 0) theory, there have been only a few quantitative results. A simpler and potentially more fruitful strategy to get a handle on (0, 2) SCFTs is to study twisted compactifications of four-dimensional supersymmetric theories on a Riemann surface. This idea has been explored to some extent for four-dimensional N = 4 SYM in [6, 7] , where some particular SCFTs with (4, 4) and (2, 2) supersymmetry were studied. Recently, there has been an extension of these constructions to theories with (0, 2) supersymmetry obtained either from N = 4 SYM [3, [8] [9] [10] , or various N = 1 theories in four dimensions [11] [12] [13] . The goal of this paper is to enlarge further the class of such two-dimensional (0, 2) SCFTs by studying a twisted compactification of the four-dimensional N = 1 Leigh-Strassler (LS) SCFT, in the following referred to as the LS fixed point, [14] .
For our purposes it will be most useful to think of the LS fixed point as a strongly coupled N = 1 SCFT obtained from N = 4 SYM by an RG flow induced by turning on a mass for one of the three adjoint chiral superfields [14] . The theory has an U (1) R-symmetry and a SU (2) flavor symmetry inherited from the SO(6) R-symmetry of N = 4 SYM. To obtain a supersymmetric two-dimensional theory we place the four-dimensional SCFT on R 1,1 × Σ g , where Σ g is a closed
Riemann surface of genus g, and turn on a background gauge field for an Abelian subgroup of this U (1) R × SU (2) F global symmetry. Guided by the previous work in [3, [6] [7] [8] [9] [10] , we assume that the low-energy two-dimensional theory is conformal and then use the knowledge of the 't Hooft anomalies of the LS fixed point as well as two-dimensional c-extremization [3, 8] to calculate the left and right Virasoro central charge of the two-dimensional (0, 2) IR fixed point. We find that for all possible topological twists on a hyperbolic Riemann surface, the central charges are positive, which is compatible with unitary and suggests that the fixed points indeed exist. However, with only (0, 2) supersymmetry in two-dimensions, it is typically difficult to establish rigorously the existence of a fixed point in the IR. 1 One way to obtain more evidence for the existence of the IR fixed points is to construct string theory or supergravity backgrounds which are holographic duals to the field theories of interest. This is one of the tools we will utilize in our work. To this end we find new supersymmetric AdS 3 × Σ g supergravity solutions in the spirit of [7, 8, 3, 16, 17] . In addition, we construct numerical solutions which we interpret as holographic RG flows from an asymptotically locally AdS 5 solution to the AdS 3 × Σ g vacua of interest. This shows that, at least in the regime of validity of holography, the RG flows are realized dynamically. The paper is organized as follows. In Section 2 we summarize the salient features of the N = 1 LS SCFT. We then put the theory on R 1,1 × Σ g , perform a partial topological twist and calculate the conformal anomaly of the resulting family of two-dimensional (0, 2) SCFTs. In Section 3 we present the truncation of five-dimensional supergravity, which we use in Section 4 to construct the family of supersymmetric AdS 3 × Σ g vacua dual to the (0, 2) SCFTs of interest. In Section 5 we construct holographic RG flows which interpolate between the gravity dual of the N = 1 LS fixed point and the supersymmetric AdS 3 × Σ g solutions found in Section 4.
In addition, we construct holographic RG flows connecting the same AdS 3 × Σ g vacua and the maximally supersymmetric AdS 5 solution. We conclude in Section 6 with some comments and open questions. In Appendix A we provide some details on the supergravity truncation used in the paper and in Appendix B we discuss the correspondence between the Chern-Simons couplings in five-and three-dimensional supergravity and the anomalies for global symmetries in the dual field theory.
Field theory
It was shown in [8, 3] , following the earlier work [6, 7] , that there is a rich family of (0, 2) SCFTs in two dimensions obtained by compactifying N = 4 SYM on a Riemann surface and flowing to the IR. It is also well known that there is an interacting four-dimensional N = 1 SCFT, known as the LS fixed point [14] , which can be obtained by integrating out one of the three adjoint chiral superfields in N = 4 SYM. The goal of this section is to provide some evidence that, when the LS fixed point is put on R 1,1 × Σ g with a partial topological twist, the effective two-dimensional theories in the IR are a family of (0, 2) SCFTs similar to the ones studied in [8, 3] . We will argue in favor of the existence of these fixed points using 't Hooft anomaly matching together with c-extremization [8, 3] .
Anomalies
Recall that N = 4 SYM can be viewed as an N = 1 theory of a vector multiplet with gauge field A µ and gaugino λ, coupled to three adjoint chiral multiplets, Φ i , each containing a complex scalar, φ i , as its lowest component and a complex fermion, χ i . The N = 1 superpotential reads
In this formulation only an SU (3) × U (1)
N =4 R subgroup of the SO(6) SU (4) R-symmetry of the N = 4 theory is manifest. The U (1) N =4 R is the superconformal R-symmetry generated by where the three T i 's are the generators of the Cartan subalgebra of SO (6) given by the three diagonal SO(2) i 's. The charges of the four adjoint fermions with respect to those SO(2) i 's and the resulting R-charges are given in Table 1 . The R-charges of the complex scalars, φ i , in the three chiral multiplets are all the same and equal to 2/3. By evaluating the usual triangle diagrams with the chiral fermions, one finds that the cubic and linear 't Hooft anomalies for
are given by:
where d G is the dimension of the gauge group (d G = N 2 − 1 for SU (N )).
The superconformal R-symmetry current in any N = 1 SCFT lies in the same supermultiplet as the energy-momentum tensor. This can be used to show that the conformal anomaly is simply determined in terms of 't Hooft anomalies of the R-current by the following well-known formulae for the central charges [18] [19] [20] :
Using (2.3) and (2.4) it is then straightforward to compute the central charges in N = 4 SYM
The LS fixed point [14] is a strongly coupled N = 1 SCFT that can be thought of as the IR fixed point of an RG flow obtained by deforming N = 4 SYM with a particular relevant deformation of the superpotential
Under the RG flow, the superfield Φ 1 is integrated out and the IR fixed point theory has the superconformal R-symmetry given by
The charges of the three remaining fermions under this R-symmetry are given in Table 1 . The charges of the two complex scalars, φ 2 and φ 3 , in the two remaining adjoint chiral multiplets of the LS fixed point under U (1) R are the same and equal to 1/2. In addition, there is an SU (2) F flavor symmetry which acts on the two chiral superfields Φ 2 and Φ 3 [14] . This SU (2) F is the SU (2) factor in the decomposition SU (2) × SU (2) r × SO(2) SO(4) × SO(2) ⊂ SO (6) . Similarly as in the N = 4 theory, one can calculate the cubic and linear 't Hooft anomalies for U (1) R : 8) and find that the central charges of the LS fixed point are
This yields the familiar result (see [21, 22] )
(0, 2) SCFTs from the LS fixed point
One way to preserve some supersymmetry when a supersymmetric QFT is put on a curved manifold is to embed the structure group of the manifold into the R-symmetry of the QFT [23] . In other words, one has to turn on an R-symmetry background gauge field which cancels the spin-connection of the curved manifold. If the supersymmetric QFT at hand has additional flavor symmetry, one is also free to turn on a background gauge field for this flavor symmetry without any additional breaking of supersymmetry.
To construct the two-dimensional SCFTs of interest, we place the four-dimensional supersymmetric LS theory on R 1,1 ×Σ g and perform a partial topological twist by turning on a background flux for the global symmetries. After integrating out all massive KK modes on Σ g we are left with an effective two-dimensional theory with (0, 2) supersymmetry. This is an old idea first explored in the current context in [6, 7] and subsequently generalized in many papers including [3, 8, 9, 24] . Based on these results it is natural to assume that the low-energy theory will be a (0, 2) SCFT. The consistency of the results below together with the holographic analysis in the subsequent sections provide strong evidence for the validity of this assumption. Table 2 : Charges of the fermionic fields of the LS fixed point under the Abelian subgroups of
The four Poincaré supercharges of N = 4 SYM are in the (2, 4) representation of SO(1, 3) × SO (6) . After the relevant deformation in (2.6) is turned on, only one of these supercharges is preserved and this is the supercharge present at the N = 1 LS fixed point. 3 The supercharge has the same charges under U (1) R and U (1) F as the gaugino λ in Table 2 . After putting the four-dimensional theory on R 1,1 × Σ g , in order to implement the topological twist and preserve some supersymmetry, we turn on a background gauge field along the generator
where
is the Cartan generator of the SU (2) F flavor symmetry. The constant, κ, in (2.11) is the normalized curvature of the Riemann surface, with κ = 1 for g = 0, κ = 0 for g = 1, κ = −1 for g > 1.
The coefficient b is real and, since it measures the flux through a compact Riemann surface, it is quantized as 2(g − 1)b ∈ Z for g = 1 and b ∈ Z for g = 1.
An analysis similar to the one in Appendix E of [3] shows that for g = 1 and any value of b there is (0, 2) supersymmetry preserved in the two-dimensional theory. When g = 1 the discussion is slightly different. For g = 1 and b = 0 there is (2, 2) supersymmetry preserved in two dimensions since the torus is flat. However, for g = 1 and b = 0, only two supercharges are preserved and one has (0, 2) supersymmetry [9, 3, 12] . Finally, one can preserve more supersymmetry in two-dimensions if the relevant deformation in (2.6) is switched off and one is left with a topological twist of the N = 4 theory. This was explored in detail in [3, 8] .
We assume that in the IR the effective two-dimensional theory is conformal. Since it preserves (0, 2) supersymmetry, we can leverage anomalies to calculate the left and right central charges. The calculation proceeds as in [3] . The two-dimensional theory has two Abelian global symmetries: the R-symmetry of the LS fixed point given by the generator (2.7) as well as the U (1) F subgroup of the SU (2) F flavor symmetry with the generator (2.12). The charges of the fermions under these two Abelian symmetries are given in Table 2 . The background gauge field is along the generator (2.11) and has flux proportional to the volume form of the Riemann surface.
The two-dimensional superconformal R-symmetry is some linear combination of the Abelian global symmetries of the four-dimensional LS theory
The real parameter is yet undetermined and will be fixed by applying the c-extremization procedure [8, 3] . 4 To this end we have to calculate the right-moving trial central charge, c tr r ( ). The global symmetries of the two-dimensional theory are anomalous since there are massless chiral fermions. The number of these fermions is computed by the index theorem as in [7, 8, 3] 14) where η Σ = 2|g − 1| for g = 1, η Σ = 1 for g = 1, and t Table 2 .
The two-dimensional (right-moving) trial central charge is computed using the fact that in two-dimensional (0, 2) SCFTs the conformal anomaly is proportional to the quadratic 't Hooft anomaly of the unique superconformal U (1) R-symmetry [25] 15) where d G is the dimension of the gauge group and q (σ) tr are the charges of the four-dimensional fermions under the trial R-symmetry (2.13) given in Table 2 . Plugging these charges in (2.15), we find c
Next, we extremize c tr r ( , b) with respect to , which gives 17) so that the two-dimensional right-moving central charge is
The central charge in (2.18) is always positive and this suggests that, for fixed G and g, there is a one-parameter family of two-dimensional (0, 2) SCFTs obtained by compactifying the LS fixed point on Σ g and turning on a flavor flux for the U (1) F flavor symmetry with magnitude b. For b = 0 there is no flavor flux and one has
This is the universal two-dimensional (0, 2) fixed point that one can find for any four-dimensional N = 1 SCFT compactified on Σ g [3, 11] . Since the flavor flux vanishes, this theory has an enhanced global symmetry given by U (1) R × SU (2) F . For general values of the flavor flux b, the two-dimensional IR SCFTs have only
One can also show that the family of two-dimensional SCFTs does not have a gravitational anomaly by evaluating the difference between the left and right central charges [25] 
This result can be traced back to the fact that the LS fixed point has no linear 't Hooft anomaly for the superconformal R-symmetry, i.e. a LS = c LS in (2.9). The central charge, c r (b), given by (2.18) is positive for any value of the flux parameter, b, and the genus of the Riemann surface, g. This means that unitarity is not violated and naively suggests that for any choice of these parameters there is a two-dimensional CFT in the IR. We will discuss this further in Section 4.
(0, 2) SCFTs from N = 4 SYM
There is a natural generalization of the foregoing discussion, which suggests that the (0, 2) SCFTs in Section 2.2 can also be accessed by a family of RG flows in N = 4 SYM. The idea is to turn on simultaneously two relevant deformations of N = 4 SYM: the mass deformation (2.6) and a twisted compactification along Σ g .
Since the mass deformation (2.6) breaks the R-symmetry of N = 4 SYM from SO(6) to U (1) R × SU (2) F and preserves N = 1 supersymmetry, a simultaneous partial topological twist, with the background gauge field in this unbroken global symmetry subgroup, will result in a twodimensional (0, 2) supersymmetric theory in the IR. Assuming that the theory is superconformal, one can proceed as in Section 2.2 to calculate its central charge. We parametrize the background flux as in (2.11) and observe that, with no other Abelian global symmetries available, the trial R-symmetry is the same as in (2.13). We can also use the formula (2.14) for the zero modes, except that we must now include the fermions χ 1 in the calculation. This leads to the following trial central charge However, there is also a new feature of these RG flows not present in Section 2.2. For a fixed value of the flavor flux b, the trajectory of the RG flow from N = 4 SYM may not be unique given that now one has two scales with which to deform, namely, the mass m and the volume of the Riemann surface. Thus, for a given value of b, there should be a one parameter family of RG flow trajectories which connect N = 4 SYM with the corresponding two-dimensional (0, 2) SCFT. In contrast, the RG flow trajectory from the LS fixed point to the same SCFT should be unique. We will see how this expectation bears out in Section 5, where we construct explicitly the holographic duals of those RG flows in gauged supergravity.
We would like to emphasize that the RG flows from N = 4 SYM obtained by a twisted compactification and a simultaneous mass deformation are different from the RG flows studied in [8, 3] where the N = 4 theory is deformed only by a twisted compactification with no mass deformation. Then the effective two-dimensional (0, 2) SCFT has a U (1) 3 global symmetry (the Cartan of SO (6)) and in the c-extremization calculation one must take an arbitrary linear combination of all three U (1) symmetries. In contrast, in the presence of the mass deformation (2.6), we have only U (1) 2 global symmetry (the Cartan of U (1) R × SU (2) F ) in the effective two-dimensional theory. This modifies the c-extremization calculation and the resulting central charge. The difference between the two deformations is most clearly visible by simply plugging the values of the background fluxes given in (2.11) into the formula for the central charge in equation (3.12) of [3] . This does not reproduce the correct result in (2.18) above.
The supergravity model and BPS equations
Our goal now is to find a dual gravity description of the SCFTs and RG flows discussed in Section 2. In this section we identify a suitable truncation of N = 8, d = 5 gauged supergravity [26] [27] [28] and derive the corresponding BPS equations.
The truncation
By the AdS/CFT correspondence, the SO(6) gauge symmetry of N = 8, d = 5 gauged supergravity can be identified with the R-symmetry of N = 4 SYM. We are interested in a truncation of this theory which is invariant under U (1) R × U (1) F ⊂ SO (6), where U (1) R is the R-symmetry (2.7) of the LS fixed point and U (1) F ⊂ SU (2) is the flavor symmetry (2.12). The bosonic fields of N = 8, d = 5 gauged supergravity invariant under this subgroup of SO (6) are: the metric, g µν , three vector fields,
SO (6), and six scalar fields parametrizing the coset
Details of this truncation are discussed in Appendix A. Here let us note that the scalar fields, α and β, parametrizing the first two factors in (3.1), come from the scalars in 20 of SO (6) and are dual to the bosonic bilinear operators
where φ a are the three complex adjoint scalars of N = 4 SYM. 5 The last factor in (3.1) is parametrized by the complex scalar χe iθ in the 10 ⊕ 10 of SO(6), plus the dilaton and axion dual to the complexified gauge coupling of N = 4 SYM. For the solutions we are interested in, one can consistently turn off the dilaton and axion and set the phase θ to be constant. This leaves only one real scalar, χ, in the third factor in (3.1), which is dual to the fermion bilinear
where, as in Section 2.1, χ a are the adjoint Weyl fermions in the three chiral super fields. The bosonic part of the action in this sector is derived in Appendix A. For the trivial dilaton/axion, it reads
4)
5 One should recall that the operator Tr |φ 1 | 2 + |φ 2 | 2 + |φ 3 | 2 receives a large anomalous dimension at strong 't Hooft coupling and is thus not a supergravity mode [29] . It can be added to (3.2) to preserve supersymmetry and positivity. 6 We follow the same conventions as in [28, 30] with the mostly minus metric. This action can also be obtained from another truncation of the N = 8 supergravity discussed in [30, 31] . In the notation of those papers we are keeping the fields α, β, θ 1 ≡ θ and ϕ 1 ≡ χ.
with the scalar potential
As in similar supersymmetric truncations (see, e.g. [21, 30] ), the potential can be rewritten as
is the superpotential determined by the supersymmetry variations, see Section 3.3. The potential, P, has three critical points [32] and those give rise to three AdS 5 vacua in this truncation:
(i) The maximally supersymmetric critical point with SO(6) global symmetry:
(
ii) The N = 2 critical point with SU (2) × U (1) global symmetry:
(iii) The non-supersymmetric SU (3)-invariant critical point:
The AdS 5 radius, L, is related to the critical value, P * , of the potential by
Both supersymmetric points (i) and (ii) are also critical points of the superpotential (3.7) and are perturbatively stable. The SU (3)-invariant critical point is stable within the truncation, but is perturbatively unstable in the full N = 8 theory.
In the following we will concentrate on the supersymmetric SU (2) × U (1)-invariant critical point (ii), from now on referred to as the KPW point, which is the holographic dual of the N = 1 LS SCFT [21, 32, 33] . In particular, within the truncation (3.4), we will be interested in constructing supersymmetric flows that, in a certain sense, 7 interpolate between this point and supersymmetric solutions of the form AdS 3 × Σ g . It might be worth pointing out that the five-dimensional theory used in [7, 8, 3 ] to find similar supersymmetric flows from the maximally supersymmetric SO(6) point to AdS 3 × Σ g solutions is a truncation of (3.4) obtained by setting χ = θ = 0. This truncation is usually called the STU model of five-dimensional gauged supergravity [34] .
The Ansatz
We will assume from now on that the metric on the Riemann surface, Σ g , has the constant curvature. This is justified if we extrapolate the result in [35] , where it was shown that the holographic RG flow uniformizes the metric on a Riemann surface for the supergravity truncation with χ = 0. We have checked that for g = 0, 1 there are no supersymmetric AdS 3 × Σ g solutions and, to simplify the presentation, we will assume from now on that g > 1. The Riemann surface Σ g can then be represented as a quotient of the upper half plane with the metric,
by a discrete subgroup of P SL(2, R). This makes our choice of a constant curvature metric manifest.
To find the supergravity solutions dual to the SCFTs in Section 2, we employ the same Ansatz as in [7, 8, 3] , where the metric is of the form
with two undetermined functions, f (r) and h(r), of the radial coordinate, r. This metric Ansatz encompasses two types of solutions we are interested in: (i) asymptotically locally AdS 5 solutions 8 with R 1,1 × Σ g boundary and f (r) ∼ h(r) ∼ − log r diverging at the same rate for r → 0, and
(ii) AdS 3 × Σ g solutions with constant h(r) and divergent f (r) ∼ − log r for r → ∞. When needed, we adopt the obvious choice of frames
The topological twist in the dual field theory implies that the flux of the gauge field on the gravity side must be proportional to the volume of the Riemann surface,
where a i are arbitrary constants. Correspondingly, we take the gauge field potentials to be
Finally, the scalar fields, α(r), β(r), χ(r) and θ(r), depend only on the radial coordinate.
With this Ansatz at hand one can derive a system of BPS equations directly from the supersymmetry variations of the N = 8, d = 5 supergravity. In the next section we outline the calculation and summarize the results.
The BPS equations
The supersymmetry variations of N = 8, d = 5 gauged supergravity read:
Under U (1) R × U (1) F , the eight gravitini, ψ a , and the supersymmetry parameters, a , transform with the charges
In the following, we are interested in the sector where the gravitini and the corresponding supersymmetries have the unit R-charge and are invariant under the flavor symmetry. Those supersymmetry parameters are given by (see (3.1) in [31] and (3.36) in [30] ), 20) where ε (1) and ε (2) are a symplectic pair of five-dimensional spinors, Ω ab is an 8 × 8 symplectic matrix, and
In this two-dimensional subspace we have,
where W is the superpotential (3.7) and we have defined ω 12 = −ω 21 = 1, ω 11 = ω 22 = 0. We start with the spin-3/2 variations (3.17) with a in (3.20) . The r-dependence of the Killing spinors for the unbroken supersymmetries is determined by the vanishing of the spin-3/2 variation along the radial direction,
where the prime denotes a derivative with respect to r. Then, assuming that the Killing spinors do not depend on the t, z, x and y coordinates, the remaining variations reduce to three algebraic constraints on ε (1) and ε (2) :
9 For definitions of the various tensors and further details, we refer the reader to [28] .
Here and above, we have defined
The first equation, (3.24), arises from the variations along R 1,1 , while the remaining two, (3.25) and (3.26) , from the variations along the Riemann surface. The function H in (3.23), (3.24) and (3.25) is the eigenvalue of the H ab tensor in (3.17) and its dependence on a i 's comes from the field strengths, F (i) . The Λ-term in (3.26) comes from the composite connection in the covariant derivative in (3.17) and its dependence on a i is due to the gauge potentials, A (i) .
To solve the algebraic equations (3.24)-(3.26) we impose projection conditions on the Killing spinors, 28) which are unique up to a choice of signs on the right hand side, with different choices leading to equivalent BPS equations. Note that by combining the two projectors in (3.28) and using that 29) which shows that the two-dimensional holographic field theory indeed has (0, 2) supersymmetry. Using (3.28) in (3.26) we then get
Since a i are constant, supersymmetric flows with a varying field, χ, must satisfy
It is convenient to solve the second constraint in (3.31) by introducing a single parameter, a,
Note that (3.30) is tantamount to the topological twist along the Riemann surface. Indeed, it implies a cancellation, in the covariant derivative in (3.17) , between the terms with the spin connection along the Riemann surface and the vector potential terms from the composite connection. This is also a supergravity manifestation of the fact that in order to preserve some supersymmetry we need to turn on a specific background gauge field for the R-symmetry. Indeed, (3.15), (3.31) and (3.32) imply that
with a fixed component along T R . This matches the field theory flux (2.11) for κ = −1 provided we identify b = −2a and set g = 2.
11 Using (3.15) we find that a i must be quantized such that 4(g − 1)a i ∈ Z. After using (3.31) and (3.32) this is compatible with the quantization condition 2(g − 1)b ∈ Z discussed below (2.12). Finally, using (3.28) in (3.24) and (3.25), we obtain the following flow equations for the metric functions
The spin-1/2 variations (3.18) simplify dramatically after using the projections (3.28) and the vector field constraints (3.31). All variations reduce to three first order flow equations for the three scalars, 35) and set θ to be constant. Note that the BPS equations (3.34) and (3.35) are symmetric under a → −a and β → −β. The flow equations (3.34) and (3.35) allow for an explicit solution to (3.23),
where ε 0 (i) are two constant spinors satisfying the same projections as in (3.28) . This completes our analysis of the supersymmetry variations (3.17) and (3.18) . One can check that the BPS equations (3.34) and (3.35) imply that the equations of motion are satisfied. In order to classify supersymmetric AdS 3 × Σ g solutions in the next section, and to construct holographic RG flows in Section 5, it will be sufficient to consider the first order ODEs (3.34) and (3.35). 11 The factor of 2 in b = −2a is due to a different normalization of the Maxwell terms in field theory and in supergravity. To see this, we compare the action (46) in [7] with (3.4) above. This leads to a are the constants used in [8, 3] . The sign difference between b and a comes from the opposite signature of the space-time metric in field theory.
4 AdS 3 × Σ g solutions To find AdS 3 × Σ g solutions of the BPS equations (3.34) and (3.35), we take constant scalars and set
where f 0 and h 0 are constants. This turns (3.34) and (3.35) into algebraic equations that can be solved systematically. The result is that all AdS 3 × Σ g solutions of the BPS equations with |a| < 1/4 are given by
2 )
With the AdS 3 × Σ g solutions at hand, we can now calculate the central charge in the dual field theory using the Brown-Henneaux formula [37] , c = 3L
where L (3) is the effective scale of AdS 3 and G
N is the three-dimensional Newton constant. After setting g = 2, so that we have the same normalization and conventions as in [8, 3, 7] , we find that the central charges of field theories dual to the AdS 3 × Σ g solutions (4.2) are
Upon the identification b = −2a, this precisely reproduces the field theory result (2.18) for G = SU (N ) and N 1. The solution with a = 0 is somewhat special. From (4.2) we see that it has β = 0 and, since a 1 − a 2 vanishes, there is no flux for the gauge field along the generator T F in (2.12). This means that the SU (2) gauge symmetry is not broken, which is in harmony with the fact that in field theory we have an enhanced SU (2) F global symmetry precisely for b = 0. As will be discussed in the next section, the BPS equations with a = 0 admit an analytic solution which interpolates between the KPW point and the AdS 3 × Σ g vacuum in (4.2).
When a = ±1/4, the supersymmetric AdS 3 × Σ g solutions (4.2) cease to exist and one of the gauge fields A (1) 
and parametrized by α. This family is not new -it was found in [7] and recently discussed further in [3] . It has enhanced (2, 2) supersymmetry and the scalar α is a free modulus indicating the existence of an exactly marginal deformation in the dual field theory. The central charge for these solutions is independent of the sign in a = ±1/4 and the value of the scalar α,
This is always an integer multiple of 3 and is precisely the central charge of the (2, 2) solutions found in [7, 3] . The central charges (2.18) computed via anomalies and c-extremization are positive, and thus compatible with unitarity, for all possible values of the genus g and the flavor flux b. Here, we see that the AdS 3 × Σ g supergravity solutions are regular and causal only for g > 1 and |a| ≤ 1/4, or, equivalently, |b| ≤ 1/2. For values of the parameters outside this range, holography suggests that one of the following scenarios might be realized: (i) The IR theory is not conformal; (ii) There is an IR SCFT, but it does not admit a gravity dual; (iii) There are accidental Abelian symmetries in the IR which render the use of c-extremization invalid; (iv) There is an IR SCFT with a nonnormalizable vacuum state.
12 (v) Finally, it is also possible that there are AdS 3 × Σ g solutions for other values of the parameters g and b that are not captured by the present supergravity truncation. Starting with the action in (3.4) and setting χ = 0, we can recover all supersymmetric AdS 3 × Σ g solutions found in [3] . Thus one may wonder whether it is possible to realize a holographic RG flow that interpolates between some of the AdS 3 × Σ g solutions in [3] and the solutions (4.2) in this paper. If such a flow exists within our supergravity truncation, the magnetic flux of the gauge field, specified by the constants a i in (3.15), should not change along the flow. The reason is that, as discussed below (3.33), the parameters a i are quantized and thus cannot change continuously as a function of the radial variable, r. One can then show that there are no values of the parameters a i (except for a = ±1/4, see the discussion above) for which there is both an AdS 3 solution in the truncation of [3] and a solution of (3.34) and (3.35) . This means that 12 An example where this is realized is the (4, 4) two-dimensional sigma model on the Hitchin moduli space obtained by placing N = 4 SYM on a Riemann surface with a special partial topological twist [6] . Since the Hitchin moduli space is a non-compact hyper-Kähler manifold, the SCFT does not have a normalizable vacuum state and thus there is no dual AdS 3 vacuum [7] .
within the supergravity truncation we are using there are no holographic RG flows interpolating between the AdS 3 × Σ g solutions (4.2) and the ones in [3] .
Holographic RG flows
We are looking for domain wall solutions to the BPS equations (3.34) and (3.35) that are holographically dual to the RG flows discussed in Section 2. In the UV (r → 0), such solutions should asymptote to one of the AdS 5 solutions for either the maximally supersymmetric SO(6) critical point (3.8) or the KPW critical point (3.9). More precisely, since the field theory lives on R 1,1 × Σ g , the five-dimensional space-time is only asymptotically locally AdS 5 , 13 namely, its metric on the boundary has a non-zero curvature, which is cancelled by the non-zero background flux determined by the gauge fields (3.15). In the IR (r → ∞), the solutions should asymptote to one of the AdS 3 × Σ g points (4.2). Similar supersymmetric flow solutions in five-dimensional gauged supergravity were constructed in [3, 7, 9, 10, 24, 38, 39] . The structure of the BPS equations becomes particularly simple after we rewrite them in terms of a "superpotential"
and a new radial variable
Indeed, if we define the canonically normalized scalar fields
then (3.34) and (3.35) are equivalent to (5.2) plus the following first order system of flow equations
where V is now a function of the fields, ϕ i , but not f , and depends on the flux parameter, a.
It is straightforward to verify that the critical points of V, are precisely the supersymmetric AdS 3 × Σ g vacua of interest (4.2) shown in Figure 1 . As is evident from the plots, the SO(6) point (black dot) is not a critical point of V and the KPW point (blue dot) is a critical point only at a = 0, where the blue and red dots coincide. The AdS 3 × Σ g solutions in (4.5) with a = ±1/4 are not shown in Figure 1 . To construct the flow solutions, we will first examine asymptotic expansions of (5.4) at both UV points and in the IR. In the special case of a = 0, we will also find an analytic solution for the flow between the KPW point and the corresponding AdS 3 × Σ g solution. For general a, solutions can be constructed only numerically and we will exhibit some of them.
Asymptotic analysis
The asymptotic analysis of the flow equations (5.2) and (5.4) is quite similar to that for ordinary RG flows (see, e.g., [21] ) except that now there are two UV fixed points given by the two AdS 5 solutions and a family of AdS 3 × Σ g fixed points in the IR labelled by a. For both UV fixed points, the corresponding asymptotically locally AdS 5 solutions satisfy [7] 
where L is the AdS 5 radius given in (3.8) and (3.9). Using (5.2), we then have
With the asymptotics of f and h fixed by (5.7), it is convenient to rewrite the flow equations (5.4) for the remaing fields using
as the independent variable. Setting
where ϕ UV i
are the UV values of the scalar fields in (3.8) or (3.9), we obtain a system of three first order equations of the form
where A i (t, φ j ) are holomorphic functions of φ j and t satisfying A i (0, 0, 0, 0) = 0. The asymptotic behavior for the solutions of interest can be obtained as follows: First, we expand A i (t, φ) to the linear order in the fields, φ α , φ β and φ χ , and to the leading order in t. The resulting linearized system can be solved analytically and its solution determines the structure of the local series expansion for the exact solutions to the nonlinear system, see for example [40] .
At the SO(6) point (3.8), the linearization of (5.10) gives
The general solution to (5.10) at the SO(6) point can then be obtained by expanding the three fields into power series in t and t 2 log t. The resulting recurrence for the expansion coefficients is consistent and yields the following general solution: 12) where the coefficient of the omitted higher order terms are completely determined by a 0 , b 0 , c 0 , and a. Note that the leading terms in (5.12) can be obtained as an exact solution to the linearized system (5.11). We note that all solutions (5.12) vanish as t → 0. This means that the SO(6) point should act as a local "attractor point" in the UV, in the sense that a generic flow solution will asymptote to that point as ρ → ∞. We will see that this expectation is indeed confirmed by the numerical results below.
The other AdS 5 solution is the KPW point (3.9). The linearization of (5.10) around this point gives the following equations 13) which are solved by
(5.14)
The general solution to (5.10) that vanishes as t → 0 can be found as a power series in t 2 , t 2 log t and t 1+ √ 7 with the leading terms given in (5.14) with s 0 = 0. The subleading terms, which we omit here, have coefficients fixed in terms of p 0 , q 0 , and a. Using the standard holographic dictionary, the expansions (5.12) and (5.14) are in perfect agreement with the field theory picture in Section 2. The operators O α , O β and O χ in N = 4 SYM, see (3.2) and (3.3), are dual to the supergravity fields, α, β and χ, and at the SO(6) point have dimensions 2, 2, and 3, respectively. These are consistent with (5.12), where the most singular terms determine the sources and the subleading terms determine the expectations values for the corresponding operators.
As expected, we read off from (5.12) that a nontrivial background flux amounts to turning on sources for the bosonic bilinears, O α and O β , in N = 4 SYM. In particular, the source for O β depends on the magnitude of the background flux, a, while that for O α is constant. The latter can be traced to the constant coefficient of the background flux along the R-symmetry generator in (3.33) and that in turn follows from the particular solution of (3.30) in (3.31) we have chosen. As for the untwisted RG flows [21] , the parameter c 0 in (5.12) is proportional to the source for the operator O χ , while the parameters a 0 and b 0 are related to the vevs for the bosonic bilinear operators O α and O β in (3.2).
At the KPW point, from (5.14) we have three operators, O ∆ , of dimension ∆ = 2, 1 + √ 7 and 3+ √ 7, respectively. The operator O 2 is dual to the scalar β, while a relevant operator O 1+ √ 7 and an irrelevant operator O 3+ √ 7 are dual to linear combinations of the scalars α and χ. We see that as before the background flux sources the operator, O 2 , with the overall coefficient determined by the cosmological constant of the AdS 5 solution. The absence of a constant source, which was present at the SO(6) point, is consistent with the uniqueness of the R-symmetry current at the LS fixed point.
It may seem surprising at first that in the linearized expansion (5.14) there is no term of the form t , which is proportional to p 0 in (5.14). As usual, the parameter q 0 is related to the vev for the operator O 2 . In summary, the supersymmetric RG flow away from the LS fixed point is driven by the operator O 2 sourced by the background flavor flux proportional to a.
Let us now turn to the IR region close to the AdS 3 × Σ g solutions. At the critical values ϕ i = ϕ 17) where M ij = M ji is a symmetric "mass matrix" with the following nonvanishing entries
Note that the mass matrix depends on the background flux, a, but does not depend on g. For a = 0, its eigenvalues, µ i , are 4/3, 4/3, −2/3, and −2, and the same pattern of two positive and 14 One can use the same argument to explain the observation in [31, 41] two negative eigenvalues persists throughout the whole range |a| < 1/4 as shown in Figure 2 . This means that for a fixed value of a in the IR, we should have a two-parameter family of flows into the AdS 3 point tangent to the plane spanned by the eigenvectors, v (1) and v (2) , of the mass matrix for the two positive eigenvalues. For the special values a = ±1/4, two of the eigenvalues of M ij vanish. This is consistent with the explicit solution (4.5), where the scalar χ vanishes and the scalar α is a modulus. The corresponding fluctuations are the two zero modes.
Analytic example
In general it is not possible to solve the system of equations (5.4) analytically. There is, however, a special value of the parameter, a, namely a = 0, for which the flow equations admit the following simple analytic solution, Here c is an integration constant, which can be set to one by a constant shift of the radial variable ρ → ρ − In Figure 3 , we have plotted r(ρ), together with h and f as functions of both r and ρ. Note that the asymptotic behavior of those functions agrees with (5.7), (5.5) and (4.2). The solution (5.19) is special in that the supergravity scalars remain fixed at their values for the AdS 5 solution at the KPW point (3.9) . Thus the only quantities that change along the flow are the metric functions f (r) and h(r). There is a similar analytic supersymmetric flow solution which interpolates between the SO(6) point and an AdS 3 ×Σ g vacuum [7] . In fact, as discussed in [3, 11] , any minimal five-dimensional gauged supergravity admits such an analytic flow solution. This solution should describe a universal RG flow, triggered by a twisted compactification on a Riemann surface, in any N = 1 SCFT with a holographic dual.
Numerical solutions
For an arbitrary value of the background flux, a, the flow equations (5.4) can only be solved numerically. In the following, we construct some representative solutions for different classes of RG flows predicted by the field theory analysis in Section 2.
As usual, we find that the integration of the first order system (5.4) is numerically more stable if we specify the initial conditions in the IR close to an AdS 3 × Σ g critical point. Hence, for a given |a| < 1/4, we take ρ 0 0 and set
where v (1) and v (2) are two orthonormal eigenvectors for the positive eigenvalues of the mass matrix in (5.17) and ξ (1) and ξ (2) are arbitrary small parameters. In the examples below, we typically work with ρ 0 ∼ −10 and |ξ (1,2) | ∼ 10 −4 . Since the other two eigenvalues of the mass matrix are negative, this choice of initial conditions does not guarantee numerical stability as we integrate (5.4) towards the AdS 3 critical point where ρ ρ 0 . However, by extrapolating the linearized analysis to full nonlinear solutions, it is reasonable to assume that any flow from an AdS 3 critical point is asymptotic for ρ ρ 0 to a solution in the class we are considering. As one might have expected from the asymptotic analysis in Section 5.1, a generic solution for small ξ (1, 2) , or equivalently, small velocites in the IR, remains in the basin of attraction of the SO(6) critical point in the UV. In particular, for a given AdS 3 × Σ g critical point we find a oneparameter family of flows that originate at the SO(6) point. Examples of such flows projected onto the (α, χ)-plane are shown in Figures 4 and 5 . This family can be parametrized by c 0 in (5.12), which in turn corresponds to the mass m in the LS superpotential (2.6). This agrees with the field theory expectation discussed in Section 2.3. The flows from the KPW point in the UV are more subtle. First, we are looking for solutions in the four-dimensional space of fields, α, β, χ and h, that interpolate between two points, an AdS 3 critical point and the KPW point, where the latter has h → ∞. Since we have only two tunable parameters, ξ (1) and ξ (2) , to work with, the existence of such solutions is by no means guaranteed. Secondly, unlike the SO(6) point, the KPW point is numerically unstable, because of the presence of the t
1− √
7 mode in the linearized solution (5.14). Therefore, any numerical flow trajectory obtained by shooting from the IR will eventually start moving away from the KPW point. Hence, all we can hope for is to see some numerical evidence that, by fine tuning of the initial conditions, one can obtain solutions which remain close to the KPW point within a large range of ρ 0. Indeed, this is precisely what we find. A typical family of flow solutions for a = 0.20 is presented in Figure 5 . One should keep in mind that the plot represents a projection from the four-dimensional space of scalar fields onto the (α, χ)-plane. The family of solutions is constructed by varying the parameters ξ (1) and ξ (2) in (5.21). As is clear from Figure 5 , generically the flow is to the SO(6) point. However, by fine tuning of the parameters ξ (1) and ξ (2) , the UV side of the projection of the flow onto the (α, χ)-plane can be brought arbitrarily close the KPW point as illustrated in Figure 5 . The existence of such a family of flows might not seem that surprising given that we have two free parameters and the tuning is done in a plane of two scalar fields. It turns out, however, that by bringing the projection of the flow close to the KPW point in the (α, χ)-plane, the flow itself in the four-dimensional space of scalar fields approaches the AdS 5 solution for the KPW point. This is a nontrivial evidence that this finely tuned flow indeed exists. The behavior of all four scalars in the family of flow solutions with a = 0.20 is shown in Figure 6 , whose colors are correlated with those in Figure 5 . Note that the curves in Figure 6 that appear missing in the plots for β(ρ) and h(ρ) lie too close to the ones that are shown to be visible. The red curves represent our best approximation to the holographic RG flow from the KPW point to the AdS 3 ×Σ g point at a = 0.20 that we are looking for. Similar flows can be constructed also for other values of the parameter a in the range |a| < 1/4.
15 The flow solutions we have exhibited should be considered as a strong evidence from holography that the SCFTs described in Section 2 indeed exist and the RG flows to them are dynamically realized.
Conclusions
In this paper we have provided ample evidence, both in field theory and in supergravity, that there exists a family of two-dimensional SCFTs obtained by a twisted compactification of the N = 1 LS SCFT on a closed Riemann surface Σ g . The existence of this family of SCFTs and their dual AdS 3 × Σ g solutions and holographic RG flows raises a number of interesting points. It is known that non-Abelian flavor symmetries cannot mix with the R-symmetry in purely four-dimensional RG flows [19] . However, when one places the four-dimensional theory on a Riemann surface and turns on a background gauge field for the Cartan subgroup of the non-Abelian flavor symmetries, the infrared dynamics is richer. The flavor flux provides a parameter which labels different two-dimensional IR fixed points. The superconformal R-symmetry undergoes nontrivial mixing during an RG flow from four dimensions and, at the two-dimensional fixed point, it becomes a linear combination of the original R-symmetry and a subgroup of the flavor symmetry. The same scenario is present in the RG flows from six to four dimensions discussed in [16, 17] . Thus we can conclude that turning on background magnetic fluxes for flavor symmetries provides a general mechanism for constructing families of interacting SCFTs.
It would be desirable to have a two-dimensional field theory construction for the family of interacting (0, 2) SCFTs found in this paper. One possible route is to study twisted compactifications of N = 4 SYM or the N = 1 LS SCFT on punctured Riemann surfaces. In this way one may be able to identify a SCFT that would serve as an elementary "building block" for more general SCFTs corresponding to closed Riemann surfaces. Such a construction would be analogous to the one for four-dimensional SCFTs of class S [1, 16, 17] . It would also provide insights into the rich set of dualities (or trialities [5] ) that are expected to exist for these two-dimensional theories.
On the supergravity side, it would be interesting to uplift our AdS 3 × Σ g vacua to solutions of type IIB supergravity in ten dimensions. Most likely, those ten-dimensional solutions will fall outside the classification of supersymmetric AdS 3 vacua of type IIB supergravity given in [42, 43] . The reason is that the AdS 3 solutions in [42, 43] are supported only by F (5) flux, while the Pilch-Warner solution of type IIB supergravity [44] , which is the uplift of the KPW point, involves non-trivial C (3) , H (3) and F (5) fluxes. We expect that the same will hold for the uplifts of the AdS 3 vacua in Section 4.
It should be possible to recast our AdS 3 × Σ g solutions in terms of three-dimensional N = 2 gauged supergravity along the lines of [45, 46] . It is clear that the function V defined in Section 4 should have some interesting interpretation. To this end one can reduce the action (3.4) on Σ g and show that the three-dimensional effective gravitational action has the following potential One then finds that
where the sum runs over the fields i = α, β, χ, h. Thus one can think of V as a superpotential for some three-dimensional gauged supergravity and this explains why the critical points of V are precisely the AdS 3 vacua we found in Section 4. This structure is very similar to the one observed in [45, 46] . In addition to the flows between fixed points discussed in Section 5, there are also solutions in supergravity that start at an AdS 5 or AdS 3 × Σ g fixed point in the UV and diverge in the IR. Those are similar to the "flows to Hades" in conventional holographic RG flows [21, 47] . It would be interesting to identify some criterion, along the lines of [47, 7] , that would distinguish which of these flows are physical from the point of view of the dual field theory.
Finally, using a similar approach as in this paper, one should be able to construct supersymmetric AdS 2 × Σ g solutions in four-dimensional supergravity dual to twisted compactifications on Σ g of the three-dimensional N = 2 SCFT [48] , which is a mass-deformed ABJM theory. There should be also holographic RG flows from the AdS 4 CPW solution [49] First, we would like to clarify a subtle point that otherwise might be confusing. It follows from (3.19) that by imposing the same symmetries on the fermionic fields one obtains a consistent truncation of N = 8, d = 5 supergravity to some N = 2, d = 5 supergravity. In fact, we will find it convenient to present our results below in the language of N = 2, d = 5 gauged supergravity [50] . However, since the Killing spinors for unbroken supersymmetries in Section 3 are charged under U (1) R , the BPS equations that we obtain and solve are not for that N = 2, d = 5 supergravity. Instead, our analysis in Section 3 is carried out in the full N = 8, d = 5 supergravity. The truncation in the bosonic sector allows us to identify the fields that can be nontrivial and is crucial in making the entire analysis of the supersymmetry variations in Section 3 managable.
Recall that the Lie algebra of E 6(6) in the SL(6, R) × SL(2, R) basis (see, [28] ) consists of the SL(6, R) generators, Λ (6), respectively.
The U (1) R ⊂ SO(6) symmetry generator is
where T i , i = 1, 2, 3, are the three SO(2) generators,
in the Cartan subalgebra of SO (6) . The bosonic fields of N = 8, d = 5 supergravity that are invariant under U (1) R and comprise the bosonic sector of the corresponding N = 2, d = 5 gauged supergravity are the graviton, g µν , five vector fields for the commutant of U (1) R in SO(6) and eight scalar fields arising from the noncompact generators in E 6(6) that commute with U (1) R .
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The invariant vector fields are given explicitly by
In particular, the fields A (1) , A (2) and A (3) are the ones considered in Section 3. With all fields present, the unbroken gauge symmetry is SU (2) × U (1) R × U (1), with the corresponding generators given by the following linear combinations of the generators in (A.3):
As one might have expected, the structure of the resulting truncation becomes more transparent when written in terms of gauge fields, A a , a = 1, . . . , 5, with respect to this basis. Setting
we find
The eight scalar fields, α, β 1 , β 2 , β 3 and w 1 = x 1 + iy 1 , w 2 = x 2 + iy 2 , parametrize a product of three noncompact coset spaces
where M V S is a very special manifold for the scalars in the vector multiplet and M QK is a quaternionic Kähler manifold for the four real scalars in a full five-dimensional N = 2 hypermultiplet. The scalars in M V S arise from 20 of SO (6) in the N = 8 theory. Two of the scalars in M SK are the five-dimensional dilaton/axion, while the other two lie in 10 ⊕ 10 of SO(6).
The four gauge fields in the vector multiplet gauge the SO(3) and U (1) isometries of M V S and M QK , respectively, while the graviphoton of the five-dimensional theory is the gauge field for U (1) R . This agrees nicely with the fact that the graviphoton should be dual to the superconformal R-symmetry of the LS fixed point. The kinetic term in the truncated supergravity is a sum of three terms, one for each factor in (A.7). Let us discuss them in turn introducing the scalar fields along the way.
The noncompact generator for the first factor in (A.7) is the diagonal element in SL(6, R),
with the corresponding O(1, 1) ⊂ E 6(6) group elements
The kinetic term for α is simply
The second coset in (A.7) also arises from U (1) R invariant SL(6, R) generators in 20 of SO (6) . The SO(3, 1) ⊂ E 6(6) group elements parametrizing this coset are
The normalization of the fields and generators here has been chosen to agree with the truncation in Section 3. The group elements (A.11) are then isomorphic with 13) in the fundamental representation of SO(3, 1). Thus the standard projective coordinates on this coset are given by
(A.14)
In terms of these coordinates, the kinetic action in this sector is
With those choices, the group elements
2 ) , (A.20) 17 For an extensive discussion and earlier references, see [51, 52] .
in SO(2, 1) ⊂ E 6(6) yield the same parametrization of the coset as the more familiar SU (2, 1) matrices,
In terms of the projective coordinates,
the kinetic part of the action in this sector has the familiar noncompact Fubini-Study form
The covariant derivatives are
This shows that only a single U (1) is gauged in this sector. The price that one pays for the simplicity of the kinetic action in this parametrization is that the scalar potential, when restricted to the fields in this sector, reads .26) and thus depends on both ζ 1 and ζ 2 . This makes the identification of the dilaton/axion fields somewhat tricky [53] . Instead, one can use another parametrization in which the coset is decomposed locally as the product SU (2, 1) 27) with the complex fields ξ 1 and ξ 2 , respectively, where ξ 2 is the dilaton/axion field. This new parametrization amounts to the field redefinition 28) which can be applied to any (composite) gauge invariant expressions. 18 In particular, the kinetic action in terms of those fields is obtained from (A.23) and involves covariant derivatives 29) with the Killing vectors
The potential (A.26) now becomes
(A. 31) and is manifestly independent of the dilaton/axion field, ξ 2 .
Using this parametrization, it is now straightforward to calculate the full scalar potential with all eight scalar fields. It reads
It does not depend on the dilaton/axion and is invariant under the gauge transformations generated by (A.17) and (A.30).
Let us now turn to the vector fields. We find that the Maxwell action reduces to
with the field strengths Yang-Mills couplings is given explicitly by
It depends only on the scalar fields α and z 1 , . . . , z 3 .
The full action of the truncated theory is thus 36) with the individual terms given in (A.33), (A.10), (A.15), (A.23) and (A.32), respectively. The last term in (A.36) is the Chern-Simons term which we discuss in more detail below. The U (1) F -invariant subtruncation is now simply obtained by setting One can verify that at the level of equations of motion the latter is a consistent truncation. Let us conclude with some comments. First, one may wish to check that the U (1) R -invariant truncation of the fermionic sector indeed yields the correct fields to complement the bosonic sector of the putatitive N = 2, d = 5 gauged supergravity. We have already seen that out of the eight gravitini of the maximal theory, two are invariant under U (1) R , see (3.19) . They correspond to the two gravitini in the five-dimensional N = 2 gravity multiplet. Similarly, out of the forty eight spin-1/2 fields in the N = 8 theory, there are ten singlets under U (1) R , out of which eight belong to the four vector multiplets, and two are in the hypermultiplet. Given the bosonic action in (A.36), we know both the precise scalar coset (A.7) and the Killing vectors (A.17), (A.30) of the symmetries that are gauged. In Appendix B, we will also obtain the Chern-Simons couplings. With this information at hand it should be possible to recover the full N = 2, d = 5 gauged supergravity [50] corresponding to this truncation.
Secondly, one can calculate the linearized mass spectrum of the eight scalars in this truncation around the AdS 5 critical points (3. These operators belong to the short multiplet containing the conserved SU (2) F current (see , Table 6 .1 in [21] ). The scalars α and χ mix at the linearized level and the eigenvalues of the mass matrix are m 2 L 2 = 2(2 ± √ 7), which corresponds to a relevant operator of dimension ∆ = 1 + √ 7 and an irrelevant one of dimension ∆ = 3 + √ 7. These two operators belong to the unprotected multiplet in the first entry of Table 6 .2 in [21] . Finally, at the SU (3) invariant critical point (3.10), the scalar χ has m 2 L 2 = 8 and all other seven scalars have m 2 L 2 = 0. Since this point is perturbatively unstable in the full N = 8 theory, it is unclear whether one can interpret it holographically.
B Chern-Simons levels and anomalies
The Chern-Simons term of the U (1) R -invariant truncation discussed in Appendix A can be read off from [28] 
where f ab c are the structure constants of the gauge group. 19 The symmetric tensor of CS couplings, C abc , has only nine non-zero components given by In N = 4 SYM the supergravity gauge fields A a correspond to conserved currents J a . One can then define the matrix of 't Hooft anomalies for the global currents J a as
where the trace is to be taken over all fermions in N = 4 SYM. Using the charges of the fermions in Table 1 , one finds that the non-vanishing components of k abc are
It is a consequence of holography that the matrix of Chern-Simons couplings for gauge fields in five-dimensional supergravity is proportional to the matrix of 't Hooft anomalies for global currents in the dual field theory. Indeed we find
It is worth noting that at the LS fixed point the conserved current J 5 is not present. This is manifested in supergravity by the gauge field A 5 becoming massive at the KPW point due to the non-zero value of the scalar field χ. At the AdS 3 vacua of interest, the scalar β is generically nonzero which breaks the SU (2) gauge symmetry by giving mass to the A 1 and A 2 gauge fields. Thus we are left with two massless gauge fields A 3 and A 4 corresponding to the two Abelian global symmetries of the (0, 2) SCFTs in the IR. The value a = 0 is special because β = 0 and we preserve the full SU (2) gauge symmetry in the gravity theory. Then the dual (0, 2) SCFT has SU (2) flavor symmetry in addition to the omnipresent U (1) R symmetry.
The two supergravity gauge fields that are massless at the AdS 3 × Σ g solutions are where the symmetric matrix of Chern-Simons couplings is 8) and η Σ is defined below (2.14).
The matrix of two-dimensional current anomalies is 9) where the charges of the fermion fields can be read off from Table 2 with the index a, b = 3 corresponding to U (1) F and a, b = 4 to U (1) R , respectively. A short calculation yields
Thus we arrive at the expected result that the matrix of Chern-Simons level in the threedimensional gravitational theory is proportional to the matrix of current anomalies in the dual CFT
This holds provided we set b = −2a, which agrees with the discussion below (4.4).
